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Abstract 
Renewable energy advocates often invoke the goal of sustainability in order to promote their cause. 
Most people agree that the energy supply for a sustainable world should be based on safe, clean and 
renewable forms of energy. However, sustainability is a much over-used word to the point where it has 
become almost meaningless. This paper argues that we need to reaffirm the meaning of sustainability 
and use its defining principles to guide our advocacy and practice. If we ignore these principles, we 
run the danger of generating unrealistic expectations and mistrust, and becoming involved in practice 
that is questionable from a sustainability perspective. On the other hand, if we use the principles of 
sustainability to guide our practice and advocacy, our goals will be more achievable, our credibility will 
increase and our practice will become more ethical. This paper uses one model of sustainability to 
evaluate examples of renewable energy advocacy and practice. 
1. INTRODUCTION 
Renewable energy advocates have been happy to hitch a ride on the sustainability bandwagon. 
Concern over global warming has highlighted the environmental unsustainability of fossil fuels. Global 
warming has provided an enormous impetus and opportunity for the renewable energy industry, and 
with good reason. Most people will agree that an ideal future energy supply system should be based 
on safe, infinitely sustainable and non-polluting energy sources. 
 
But sustainability is one of today's most overworked words, to the extent that some may now consider 
it to be a meaningless term. Good models of sustainability, however, do exist and this paper argues 
that advocates of renewable energy, as prime beneficiaries, need to reaffirm its meaning. This 
reaffirmation will bring benefits including increased credibility, more realistic and ethical practice, and 
achievable outcomes. 
 
This paper explores the principles of sustainability with respect to some renewable energy advocacy 
and practice. The first part of the paper describes one model of sustainability. Some of the practice 
and advocacy of renewable energy is evaluated against the four principles described. Two examples 
at a policy and practical level of where advocates of renewable energy can find themselves if the core 
principles of sustainability are ignored are then given. 
2. FOUR PRINCIPLES OF SUSTAINABILITY 
There are apparently more than 300 definitions of sustainability, and certainly there is no universally 
accepted definition of this overused word. Some definitions are complex and wordy, and do not 
provide a good benchmark against which to evaluate one's practice. Mitchell et al. (1995), cited in 
Palmer et al. (1997), however, identified four principles from the sustainability literature (Figure 1). 
These four principles and how they might impact on renewable energy advocacy and implementation 
are explained below. 
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Figure 1 The four principles underlying sustainable development 
(source: Palmer et al., 1997) 
2.1. The Futurity Principle 
The Futurity Principle originates from the original 1987 Brundtland definition of sustainability, and is 
reflected in the most often-quoted phrase about sustainable development.  It speaks of "meeting the 
needs of the present without compromising the ability of future generations to meet their own needs". 
In industrialised countries, our needs for food, clothing and shelter were met and passed a long time 
ago. Future energy demand in industrialised countries is now driven by 'wants', not needs. This means 
that energy demand has no limits. Without some reflection and self-restraint, we can always be 
persuaded (or persuade ourselves) that we need more. 
 
The 1970s gave birth to the vision of a 'soft energy path' (Lovins, 1978). This phrase describes an 
energy model that foresaw a minimized energy demand met by decentralised renewable energy 
technologies. A growing awareness of an energy crisis created fears of an energy shortage and/or 
nuclear power proliferation. Environmental groups in many countries around the world developed soft 
energy paths for their economies. Amory Lovins, the architect of the term, developed a soft energy 
path for the US economy. He showed that the transition from fossil fuels to renewable technologies 
could be achieved over a 50-year period. At that time, the US economy used 78 EJ per annum. 
Twenty years later, the World Watch Institute showed how to deliver the global demand of 
approximately 1400 EJ by 2100 (Lenssen and Flavin, 1996). A number of other studies have been 
published (e.g. Johansson et al., 1993; Olesen et al., 2002; Zervos et al., 2004), which demonstrate 
how global or national energy demand can be met either fully or substantially by renewable energy. 
 
It is not the intent here to prove or disprove the accuracy of these renewable energy scenarios, rather 
to point out that no scenario writer has ever admitted that renewable energy cannot provide what it 
required. No matter how high the bar is set, we always maintain that we can jump it. Trainer (1995) 
has challenged the ability of renewable energy to meet the energy demand of industrialised countries. 
He argued a decade ago that renewable energy technologies could not sustain the levels of energy 
use in affluent countries. Trainer's solution is to move to a 'radical conserver society' through a phase 
of 'de-development', which would permit no growth in economic output or energy use.  
 
All renewable energy scenarios involve reducing demand through the implementation of energy 
efficiency measures. The impact of energy efficiency could be significant, but without the concept of 
limits, gains from energy efficiency are short lived. As Trainer (1995) argues a reduction in energy use 
of one third will be lost in 14 years if the growth in demand is maintained at 3%. At that point, energy 
demand starts to rise again and to meet the new increased demand, the size of the renewable energy 
supply system must be increased. Are we to conclude that realistically there are no limits to the 
amount of energy that renewable energy technologies can supply and we will just keep increasing the 
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collector area, the number of wind farms and the area under biomass-for-energy cultivation? To 
maintain that renewable energy is able to meet any future demand, no matter how large, is an 
abandonment of the Futurity Principle. 
2.2. The Environment Principle 
The Environment Principle reflects the notion that sustainability must ultimately be measured against 
the ability of the biosphere to absorb the consequences of human activity. It has been the main 
concern of environmental groups. At its most extreme, more weight is assigned to the preservation of 
eco-systems than to the present or future generations of human beings. Measured against this 
principle, renewable energy technologies generally perform well. A comparison is often made between 
the atmospheric emissions from renewable energy and fossil fuel technologies. In this comparison, 
renewable energy technologies are usually superior by an order of magnitude. However, like all 
energy generation technologies, renewable energy technologies also have an impact in terms of land 
and water use, and waste generation. Table 1 compares the impacts of some renewable energy 
technologies against coal and nuclear technologies. 
 
Table 1 Land, water and solid waste impacts of various generating technologies 
(source: Serchuk, 2000) 
 
PV Wind G'thermal Biopower Coal Nuclear  
Resource 
0.02-20 
MW utility 
scale thin 
film 
25 
MW 
wind 
farm 
50-MW 
flashed 
steam or 
binary 
75-MW 
gasifier 
50-MW 
direct fired 
360-MW 
with 
desulphu-
risation 
1000-
MW light 
water 
Land 
(ha/MW) 
5 20-46a 3.2-field 
0.2-plant 
0.54-plant 
318-crops 
0.9-plant 
487-crops 
0.69-plant 
2.18-mining 
0.40 + 
mining 
Fuel 
(t/MW/a) 
0 0 0 3,560 5,420 3,140 0.03 
Water 
(m3/MWh) 
0 0 0 0.07 0.81 1.81 1.79 
Solid 
waste 
(t/MW/a) 
0 0 0 269 ash 185 ash 475 ash + 
sludge 
0.03 + 
low level 
waste 
(a - non exclusive land use) 
 
While all renewable energy technologies use less water than fossil fuel technologies, they use 
significantly more land. This factor alone may become a focus of opposition when the community 
becomes aware of the loss of amenity, particularly the visual, that a massive deployment of renewable 
technologies would involve. Outside of those who live in close proximity to a coal-fired power station, 
most people are unaware of the source of their electricity and its impact. Acknowledgement of and 
action to include the Participation Principle (see below) will be crucial to ensure that the community is 
prepared and educated, if the significant changes to their landscape are to be supported. As Table 1 
indicates, for example, biopower will require 110-170 times the land per MW of power of a coal-fired 
plant.  
2.3. The Equity Principle 
The Equity Principle has been added to the sustainability model by those who argue that the finite 
resources on the planet should be shared far more equitably than is currently the case. In 2001, 
primary energy use in the OECD countries with their population of 1138.5 million was 4.68 toe (6.5 
kW) per capita (UNDP, 2004). In the non-OECD countries, with a population of 4964 million, per capita 
energy consumption was 0.95 toe (1.33 kW) i.e. 20% of the level in affluent countries. If the entire 
world's population were to use as much energy as the OECD nations, then the global energy demand 
would be nearly three times the current level.  
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Goldemberg et al. (1987) have suggested that those living in developing countries could enjoy the 
standard of living enjoyed in OECD countries in the 1970s with a final energy demand of about one 
kW per capita. This transformation could be achieved if the most energy efficient technologies 
available at the time of their writing were used to provide the services required. But what if we all 
agreed to live at a slightly lower standard of living i.e. the level we enjoyed in the 1970s? It is 
reasonable to assume that those living in industrialised countries have no more right to a higher 
standard of living than those in developing countries. Assuming the previous demand of one kW for 
6.5 billion people, then primary energy demand would be less than 50% of the 2001 level. Using the 
same energy efficient technologies, the Equity Principle is achievable provided those in the rich 
industrialised  countries are prepared to reduce their consumption to a level we happily enjoyed within 
recent memory. 
2.4. The Participation Principle 
The Participation Principle was added to the debate at the 1992 Rio Earth Summit. It acknowledges 
that the public should participate in any process of change and was enshrined in Principle 10 of the 
Rio Declaration. Despite the popular support for renewable energy, we can already see that 
agreement for the mass deployment of renewable energy technology cannot be taken for granted. The 
most obvious example of the negative reaction that we might expect if renewable energy technology is 
proposed without adequate participation and understanding is the recent opposition to wind farms. If 
renewable energy advocates fail to tell the 'truth', disillusionment will follow with the realisation of what 
a total renewable energy supply system will look like. 
3. UNSUSTAINABLE RENEWABLES 
Two examples of renewable energy policy and practice are now described which have ignored key 
principles of sustainability. Consequently they produce outcomes, which are poor models of how we 
should promote our vision. 
3.1. The Ultimate Family Home 
An extreme example of invoking sustainability and applying renewable energy technology uncritically 
in a practical way is the "Ultimate Family Home". The US national building company responsible for 
the design and construction of this 493-m2 home describe it as "a model of energy efficiency, forward 
thinking resource management and sustainable construction". The 3-level home (Figure 2) boasts 
zero energy status because of its photovoltaic array. The house was apparently the star of the 2004 
International Building Show in Las Vegas in 2003 (Rajgor, 2004). According to the website (UFH, 
2005), features of the home include "an oversized 3-car garage with air conditioning bay and a fully 
equipped workshop", "an oversized mudroom" and an observatory. The house was built as part of the 
US Government's Zero Energy Homes pilot program, which is underwritten by the Solar Buildings 
Program of the U.S. Department of Energy. The house violates both the Futurity and Equity Principles 
of sustainability defined earlier. It is an embarrassing example of the role that renewable energy 
should play in a sustainable future. 
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Figure 2 The "ultimate family home" 
3.2. The ISES White Paper 
The gross disparity between per capita energy use in industrialised and developing countries has 
been described earlier. Because of its modular nature and ability to be part of a decentralised energy 
supply, renewable energy technology offers tremendous potential to transform the lives of billions of 
people in developing countries, particularly those living in rural areas. This fact alone could be the 
greatest single contribution of our industry to a sustainable world. Examples of the application of 
renewable energy technology are now well known (Figure 3), but much needs to done to improve 
reliability and affordability. The contrast between the dwellings illustrated in Figures 2 and 3 is 
dramatic. It is a graphic reminder of the disparity in life styles between the rich and poor countries of 
the world, and the unsustainable nature of the former. 
 
 
 
Figure 3 Simple solar home system used in developing countries 
 
 
The ISES White Paper (Aitken, 2004) was a recent key contribution from our international scientific 
society to the debate on climate change and energy supply. The vision of the paper is to demonstrate 
how renewable energy technology can meet 50% of the energy needs of the global community in 
2050. Against the principles of sustainability, however, the paper has two shortcomings. Firstly, the 
opportunity to raise the issue of energy equity was missed and only one page of the 57-page paper 
specifically addressed the needs of developing nations. The rationale behind this relegation was that 
"the leadership in the development of renewable energy technologies and in the large-scale 
applications that will bring prices down for all nations must fall on the developed nations" (emphasis 
added). In other words, we must agitate and press for renewables in the industrialised countries and 
the benefit of this will eventually flow through to the developing countries. This argument has the 
familiar ring of the general 'trickle down' theory of development. Proponents of this theory argue that 
overall improvements in the economy of a developing country will eventually flow through to the 
poorest sections of the population. This theory has long ago been shown to be fallacious, and so will 
the technological version espoused by ISES. The second shortcoming, as with many other renewable 
energy scenarios, is the failure to raise the issue of practical limits of renewable supply. In the ISES 
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paper, global primary energy demand by the year 2050 is assumed to have increased to over 2000 
EJ, over 500% above the 2002 demand. However, there is no discussion in the paper about what 
happens if demand continues to grow or if renewable energy technology can realistically supply more 
energy than the level proposed. 
4. SIGNS OF CHANGE? 
So far this paper has argued that a major failing of advocates of large scale use of renewable energy 
technology against the yardstick of sustainability has been their failure to acknowledge that there are 
limits to what renewable energy technologies can supply. There are some signs that this may be 
changing. The “Deep Cuts” study by the Australia Institute investigates the feasibility of achieving a 
60% cut in carbon emissions in Australia by 2050 (Turton et al, 2002). To achieve this target, the 
study’s authors rely on large-scale use of renewable energy technology. Their assumptions and 
conclusions are of interest to advocates of a renewable energy future. The authors have assumed that 
economic growth based on labour productivity and population increase will continue. The size of the 
Australian economy has been assumed to increase by 180% i.e. nearly three times its current size, by 
2050. It is rather disappointing that the Institute, which laudably has been a constant critic of our 
obsession with consumption and its consequences (e.g. Hamilton and Denniss, 2004) assumed 
‘business-as-usual’ for this critical assumption. 
 
To achieve a 60% cut in emissions, the authors envisage a massive deployment of renewable 
technologies, particularly wind and biomass. Wind is assumed to supply 50% of our gross electricity 
needs and to achieve this contribution 11,000 turbines in 500-600 wind farms are envisaged. 
Correctly, the authors raise the critical question of whether there are sufficient suitable sites. The study 
concludes that a wind farm every 20-25 kms along our coastline might be required. To achieve even a 
fraction of this level of implementation highlights the crucial role of the Participation Principle described 
earlier. Biomass plantations, the other main plank of their ‘deep-cuts’ scenario, are anticipated to 
cover 6-7 million ha of dedicated arable land.  
 
Using these and other abatement solutions e.g. cogeneration, fuel switching and solar thermal 
technology, the authors conclude that a 60% cut in emissions is possible. Of particular interest, 
however, is the acknowledgement that there are limits to this process. The authors also investigated 
the feasibility of achieving a 70% cut in emissions. This scenario was prompted by the fact that a 60% 
reduction in emissions will eventually be insufficient. In the ‘70% cut’ scenario, it was found that the 
quantity of biomass and therefore area of productive land required would need to double. The authors 
acknowledge the difficulties of reducing emissions more than 60%. Limitations in the land available for 
biomass energy plantations have also been suggested by other authors. Globally, Sims (2001) has 
acknowledged that there are limits to the amount of energy that biomass can supply globally.  Up until 
2100, he believes there is sufficient land to supply all demands of food, fibre and energy, but 
competition for water for irrigation and land use conflicts will become constraints. 
5. CONCLUSIONS 
Four principles of sustainability have been described and applied to some of the advocacy and 
practice of renewable energy implementation. From the perspective of global and national renewable 
energy supply, most scenarios do not embrace the Futurity Principle. Failure to be realistic about the 
limits that renewable energy will encounter trying to meet unlimited energy growth will fail the needs of 
future generations. It will also have other undesirable effects in the minds of the population because it 
will generate disillusionment and mistrust when targets cannot be met. Adherence to the Participation 
Principle will pose a challenge to our industry. Limited evidence to date indicates that people can rank 
their amenity values highly and that the massive deployment of renewable energy technologies may 
encounter opposition. Measured against the Environment Principle, renewable energy generally 
outperforms fossil fuels, but when implemented on a massive scale, biopower will be challenged to 
prove that the environment is not degraded. An embrace of the Equity Principle is fundamental if we 
are to create a genuinely sustainable world. Renewable energy advocates in the developed nations 
must shift their focus from their own self-serving perspective if this is to be achieved. 
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